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ARTICLE INFO ABSTRACT

Ganoderma applanatum extract (GAE) exhibits numerous biological activities, particularly
anticancer and immunomodulatory activities. This study aimed to examine the effect of GAE on
colonic goblet cells, Lieberkuhn crypts, CD4+ and CD8+ cells in mice spleen. Mice were
randomly divided into four groups (n = 6): normal control (KN) group given only distilled water,
negative control (K-) group administered 100 mg/kg BW diethylnitrosamine (DEN), positive
control (K+) group administered 100 mg/kg BW DEN + 10 mg/kg BW doxorubicin, and extract
treatment (P) group administered 100 mg/kg BW DEN + 150 mg/kg BW GAE. Colon histology
was assessed using haematoxylin and eosin staining. CD4+ and CD8+ percentages were
determined by flow cytometry. Molecular docking of selected bioactive compounds of GAE with
CD4+ (PDB ID: 1CDJ) and CD8+ (PDB ID: 1CD8) was performed using PyMol v1.74 and PyRx
0.8 software, with visualization using BIOVIA Discovery Studio 2019 and molecular dynamics
via CABS-flex webserver. GAE significantly increased the number of goblet cells and Lieberkuhn
crypt height in mice colon, with values of 28.00 + 4.05 and 29.24 + 4.61 um, respectively. GAE
improved colon histology and enhanced immunomodulation by increasing CD4+ and CD8+ cells
in mice spleen, with values of 21.98 + 3.03%, and 8.34 + 0.86%, respectively. Molecular docking
indicated lucidenic B had the highest binding affinity against CD4+ cells, while g-glucan had the
highest binding affinity against CD8+ cells. Molecular dynamics confirmed complex stability
(Root mean square fluctuation (RMSF) < 3 A), suggesting stable ligand-receptor interactions in
the plasma.
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Introduction

According to Global Cancer Observatory (Globocan) data 2020,
colorectal cancer is the third most common cancer after breast and lung
cancer. Several factors contribute to an increased susceptibility to
colorectal cancer, including the presence of polyps, genetic
predisposition, abnormal genes, intestinal inflammation, smoking,
habitual consumption of alcohol, frequent intake of red and processed
meats, obesity, diabetes mellitus, and infections caused by bacteria such
as Helicobacter pylori and Fusobacterium spp. Colorectal cancer
develops when the gene responsible for coding tumor suppressor
proteins in colon cells undergoes mutation. This mutation results in the
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dysfunction and activation of the proto-oncogene (K-Ras gene),
converting it into an oncogene. When the K-Ras gene is mutated, cells
lose the ability to break down GTP into GDP, leading to uncontrolled
cell division and growth, eventually forming cancer that can
metastasize.! Diethylnitrosamine (DEN), a hazardous agent, can trigger
cancer by increasing free radicals, which cause oxidative stress that
transforms normal cells into cancer cells. Oxidative stress leads to
inflammation in the colon, involving both local and systemic responses,
contributing to tumor growth and organ dysfunction. Histologically,
colon inflammation damages the epithelial cells of the mucosal layer,
reduces the amount of goblet cells, and shortens the Lieberkuhn crypts.
This inflammation also affects the lamina propria, further promoting the
development of colon cancer.?

The pharmaceutical sector is rapidly advancing in the development of
synthetic drugs for the treatment of cancer. However, these drugs
sometimes have negative effects on the body. Cancer treatment
techniques such as surgery, chemotherapy, and radiotherapy also come
with adverse effects, making them less effective and often quite
expensive. One type of antibiotic, doxorubicin, is widely recognized as
the most effective anti-tumor agent for eliminating malignant cells and
inducing tumor regression in various human neoplasms. However, its
therapeutic applications are limited by adverse effects, which include
immunosuppression, hepatotoxicity, nephrotoxicity, and
cardiotoxicity.3*
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Cancer treatment is currently being optimized with the use of biological
agents to mitigate the progression and malignancy associated with it.
Ganoderma applanatum is a type of mushroom that exhibits antitumor
and immunomodulatory effects that can be harnessed for cancer therapy
as well as antibody production.® This mushroom can act as a prebiotic
to help improve the quality of life by reducing the chances of
developing obesity, cancer, allergic reactions, cardiovascular diseases,
and certain degenerative diseases.” G. applanatum extract contains R-
glucan, which is different from the polysaccharides present in other
carbohydrate foods. This compound plays a crucial role in the medical
field, particularly in immune system regulation. The f-glucan content
in Ganoderma mushrooms has been shown to modulate the immune
system and has the potential to exert tumor-inhibitory effects.® These
mushrooms offer various health benefits, including non-specific
stimulation of the immune system, as well as hypocholesterolemic,
hypoglycemic, anti-inflammatory, anticancer, and prebiotic effects.®
The development of in silico study of natural products is also widely
carried out to predict the effect of medicinal compounds on body
receptors. In silico is a predictive tool used to determine the binding
affinity of ligands to receptors, and ligand-receptor complex
interactions.'® Therefore, an in silico study of Ganoderma compounds
on the immune receptors can be designed. Such types of immune
receptors are the CD4+ (PDB ID: 1CDJ) and CD8+ (PDB ID: 1CD8)
receptors. Both receptors modulate the body's immune system. An
increase in the proportion of CD4+ and CD8+ cells will boost the
immune system and improve immunity.

Despite the many studies that have explored the anticancer properties
of GAE, its specific role in inhibiting colon cancer cells and modulating
immune response remains unexplored. The current study addressed this
gap by assessing the effects of Ganoderma applanatum extract on
colonic histology - specifically goblet cell numbers and Lieberkuhn
crypt height - as well as its immunomodulatory impact through changes
in the percentage of splenic CD4+ and CD8+ cells. In addition,
molecular docking and dynamics simulations were done in order to
examine the interactions among the active compounds of G.
applanatum and CD4+/CD8+ receptors to provide insight into their
potential mechanism of action.

Materials and Methods

Collection and identification of fungal sample

Ganoderma applanatum fruiting body (basidiocarp). was collected
from Pacet, Mojokerto, East Java, Indonesia (Latitude: -7.6679012° S,
Longitude: 112.5385039° E). The fungus was identified at the
Departement of Biology, Faculty of Science and Technology,
Universitas Airlangga, Surabaya, Indonesia, and assigned voucher
number 29/09/1J/2022.

Preparation of extract

The Mushrooms were cut into pieces, dried in the shade for 14 days,
then ground into powder. G. applanatum powder (100 g) was boiled in
water (2 L) at 60 — 65°C for 6 hours. The water extract was filtered and
the residue was re-extracted following the same procedure. The
combined filtrate was incubated at 25°C—30°C for 24 hours, and then
freeze dried to give G. applanatum extract.

Anticancer and immunomodulatory activities screening

Animals

Twenty-four (24) female mice (Mus musculus) DDY strain aged 3 - 4
months and weighing between 30 - 40 g were obtained from Pusvetma
Surabaya. The mice were kept in well-ventilated cages under standard
laboratory condition. The mice were acclimatized to the laboratory
condition for two weeks. They were fed with rodent pellets, and had
free access to drinking water.

Ethical approval

This study was approved by the Animal Care and Use Committee,
Faculty of Dentistry, Airlangga University, Indonesia, with approval
reference number: 0570/HRECC.FODM/ V1/2024.

Experimental design

The mice were randomly allotted into four groups of six animals per
group: Normal control (KN), Negative control (K-), Positive control
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(K+), and G. applanatum extract treatment group (P). The normal
control group (KN) were healthy mice, which were neither induced nor
given any treatment. The negative control group (K-) was induced with
Diethylnitrosamine (DEN) 100 mg/kg BB but did not receive any
treatment. The positive control (K+) was induced with 100 mg/kg BW
DEN and administered 10 mg/kg BW doxorubicin. The G. applanatum
extract treatment group (P) was induced with 100 mg/kg BW DEN and
administered 150 mg/kg BW G. applanatum extract. Doxorubicin and
G. applanatum extract were administered by oral gavage once daily for
one month.

A day after the last treatment, the mice were anesthetized using 2%
xylazine (2 mg/kg BW) and 10% ketamine (15 mg/kg BW). The mice
were dissected, and the colons were removed and cut about 3 cm above
the rectum. The colons were placed in formalin solution for histological
examination. The spleen were also collected and used for flow
cytometric assay for CD4+ and CD8+.

Histological examination of the colon

Colon preparations were made using hematoxylin eosin staining (Sigma
Aldrich, USA). First, the colon were fixed in neutral buffered formalin
(Sigma Aldrich, USA) for 48 h, then cut lengthwise into two parts and
placed in a tissue container (cassette). Tissue processing was
accomplished manually by rehydrating the organs in a series of graded
ethanol solutions (70%, 80%, and 96%), respectively, followed by
clearing with xylol for 15 minutes in the first xylol solution and
overnight in the second solution. Samples were subsequently embedded
in paraffin blocks. The colon was cut into a 5 um thick tissue section
with the aid of a rotary microtome. The tissue sections were stained with
hematoxylin-eosin, and then examined for histological changes, such as
amount of goblet cells and the height of Lieberkuhn crypts under a light
microscope (OLYMPUS CX23, Japan) at 100X magnification.

Flow cytometry

In order to define the percentage of CD4+ and CD8+ T cells, FITC-
conjugated anti-mouse CD4+ antibody and PE-conjugated anti-mouse
CD8+ antibody (BioLegend, San Diego, USA) were used alongside a
BD FACSVerse flow cytometer. Splenocytes were harvested at a
concentration of 2 x 10¢ cells and placed into microcentrifugation tubes
containing 500 pL PBS (Sigma-Aldrich, USA). The cell suspensions
were centrifuged at 2500 rpm for 5 minutes at a temperature of 10°C,
after which the supernatant was discarded. The resulting pellets were
incubated with 100 pL of extracellular antibody solution (0.005 mg/100
pL) at 4°C for 30 minutes in the dark. Subsequent to incubation, 200 puL.
of fixative solution was added, and the samples were further incubated
at 4°C for 20 minutes. The fixative was then eliminated by rinsing with
500 pL of washperm solution, followed by centrifugation at 2500 rpm
for 5 minutes at 10°C. Decanted supernatant was gently disposed, and
the pellets were sus[ended in 100 pL of intracellular antibody solution
(0.005 mg/100 pL) and incubated at 4°C for 20 minutes.

In silico study

Software

Molecular docking was performed on a Dell VVostro 14 3000 laptop with
an AMD Ryzen 5 3500U processor. The system operates on Windows
10 Ultimate 64-bit and was equipped with Radeon Vega Mobile Gfx at
2.10 GHz.

Ligand preparation

Bioactive compounds identified in G. applanatum extract were
obtained from the USDA phytochem webserver
(https://phytochem.nal.usda.gov/). Further screening to optimize the
drug-likeness of the identified compounds was carried out using the
SCFBio webserver (http://www.scfbio-
iitd.res.in/software/drugdesign/LIP1.jsp). Solubility of the compounds
was analyzed through SwissADME webserver
(http://www.swissadme.ch). Information related to canonical SMILES
of compounds along with PDB ID was obtained from PubChem
(https://pubchem.ncbi.nlm.nih.gov/).

Protein preparation

Protein (receptor) preparation was done by retrieving receptor files from
Protein Data Banks (https://www.rcsb.org/). The receptors used were
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CD4+ (PDB ID: 1CDJ) and CD8+ (PDB ID: 1CD8). Impurities such as
water molecules and non-essential ligands were removed using PyMol
v1.74 software (Schrodinger, LLC, USA). Molecular docking was
conducted using PyRx 0.8 software (SourceForge Headquarters, San
Diego, California, USA). Docking validation was performed using the
CABS-flex webserver
(https://biocomp.chem.uw.edu.pl/CABSflex2/index). Visualization of
ligand-receptor complexes was assisted by BIOVIA Discovery Studio
2019 (Dassault Systemes BIOVIA, San Diego, California, USA).

Ligand selection

Thirty-four (34) ligands from G. applanatum were obtained from the
USDA Phytochem webserver. The drug-likeness of the ligands were
assessed based on the Lipinski’s Rule of Five, and further screened
using the SCFBio web server. The assessed parameters included
molecular weight (g/mol), number of hydrogen bond acceptors and
donors, logP (lipophilicity), and molar refractivity. Based on the
screening results, all ligands showed potential as drug candidates.
Subsequently, solubility screening was conducted using the
SwissADME webserver. Of all the compounds, five compounds,
including beta-glucan, ganoderic acid-M, lucidenic acid-B, lucidenic
acid-C, and mannitol, which had the highest drug-likeness and
solubility potential were selected. An increased solubility score
suggests that the compound has a better capacity for leaching into the
cellular environment. These selected ligands were then subjected to
molecular docking experiments using CD4+ and CD8+ as test
receptors.

Molecular docking

Molecular docking was conducted using PyRx 0.8 software
(SourceForge Headquarters, San Diego, California, USA) to obtain the
binding affinity between the ligand and its target receptor. The binding
affinity denotes the energy generated in the ligand-protein complex.
The more negative the value of the binding affinity, the higher the
probability of triggering specific activity, such as inhibition.!

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Molecular docking validation

Validation of molecular docking was conducted using CABS-flex
webserver (https://biocomp.chem.uw.edu.pl/CABSflex2/index).*? The
simulation entailed several parameters, notably protein rigidities,
restraint settings, C-alpha restraints weight, side-chain restraint weight,
trajectory, temperature range, number of cycles, and RNG seed.®®
Receptor with the best binding affinity was used for the molecular
docking validation.

Statistical analysis

Data were presented as mean + standard deviation (SD). Statistical
analysis was performed using SPSS 21 software (SPSS Inc.,Chicago,
IL, USA). Data were subjected to One-Way analysis of variance
(ANOVA), and differences between mean values were regarded as
statistically significant at p < 0.05.

Results and Discussion

Effect of G. applanatum extract on goblet cells and Lieberkuhn crypts

Table 1 presents the number of goblet cells, height of Lieberkuhn
crypts, and percentages of CD4+ and CD8+ cells in the various groups.
There was significant disparities in these parameters among the groups,
with the lowest levels found in the negative control group (K-). Figure
1 presents the photomicrograph of the histopathological sections of
goblet cells and Lieberkuhn crypts across the different treatment
groups. The photomicrograph indicates that administration of G.
applanatum extract as a potential anticancer agent can help restore
colon cells damaged by DEN exposure and slow the progression toward
cancer. As indicated in Figure 2, the K- group showed the lowest
number of goblet cells (19.17+3.06), and this was significantly
different from the other three groups: KN (28.50 + 5.32), K+ (28.00
+2.61), and P (28.00 + 4.50).

Table 1: Effect of Ganoderma applanatum extract on goblet cells, Lieberkuhn crypts, CD4+ cells and CD8+ cells

Group
Indicator KN K+ P
Number of goblet
cells 28.50 £5.32 19.17 + 3.06 28.00 £2.61 28.00 £ 4.05
Height of Lieberkuhn crypts (um) 31.22+2.13 21.31+2.56 26.03 £ 1.65 29.24 + 461
Percentage of CD4+ cells (%) 19.32+£3.11 17.31+£2.80 21.84+£1.85 21.98 £3.03
Percentage of CD8+ cells (%) 741+1.94 5.94 £0.99 8.03+1.17 8.34 £0.86

KN: Normal control (given distilled water only); K-: Negative control (administered DEN at 100 mg/kg BW); K+: Positive control (administered DEN
at 100 mg/kg BW + Doxorubicin at 10 mg/kg BW); P: (administered DEN at 100 mg/kg BW + Ganoderma applanatum extract at 150 mg/kg BW).

However, no significant differences were found among the KN, K+, and
P treatment groups. Similarly, the K- group exhibited the lowest
Lieberkuhn crypt height (21.31+2.56 um), which was significantly
different from that of the KN (31.22 £ 2.13 pm), K+ (26.03+1.65 um),
and P group (29.24 + 4.61 pm) (Figure 3). No statistically significance
difference was observed among the KN and P groups, nor between the
K+ and P groups, suggesting a comparable effect of these treatments in
promoting crypt regeneration.

Exposure to DEN increases methaemoglobin levels in the blood,
leading to anaemia and tissue hypoxia.!* The resulting oxygen
deficiency (hypoxia) causes cellular apoptosis. Reduced oxygen
consumption in tissues decreases both the number and size of cell
organelles and leads to cellular and tissue atrophy. Consequently, the
reduced amount of goblet cells noticed in the K— group could be
attributed to hypoxia-induced apoptosis.

Goblet cells are essential for preserving intestinal lining integrity by
secreting mucus, providing a protective barrier against luminal
aggressors.'> Under normal physiological conditions, goblet cells in the

colonic epithelium are uniformly distributed and exhibit a regular
elliptical shape.® DiethylInitrosamine (DEN), a nitrosamine compound,
exhibits carcinogenic properties through the reaction between nitrites
and secondary amines.*

Excessive accumulation of nitrosamines in the body stimulates the
formation of reactive oxygen species (ROS), resulting in enhanced
oxidative stress. In the colon, nitrosamines enter through systemic
circulation. 8 High levels of nitric oxide (NO) contribute to oxidative
stress as well as promote the formation of reactive nitrogen species
(RNS). RNS can react with superoxide (O2") to produce peroxynitrite,
a highly toxic compound. Peroxynitrite is capable of oxidizing lipids,
proteins, and DNA, thereby increasing the risk of cellular and tissue
damage.®®

As depicted in Figure 3, there was a marked decrease in Lieberkuhn
crypt height in the negative control (K-) and treatment (K+ and P)
groups compared to the normal control (KN) group. Lieberkuhn crypts
are intestinal glands that secrete ions and water, immunoglobulin A
(IgA), and antimicrobial peptides into the intestinal lumen. These
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secretions support the preservation of the epithelial surface and enhance apoptosis.?® Goblet cells, which are responsible for mucus production,
the efficiency of nutrient absorption in the intestine. Each crypt contains also originate from these stem cells located at the base of the crypts.
several stem cells that are essential for repopulating the intestinal Therefore, stem cell impairment may disrupt goblet cell proliferation
epithelial lining. When these stem cells are disrupted, the structure of and contribute to a reduction in goblet cell numbers.?

the crypts becomes altered, leading to epithelial damage and

P

Figure 1: Photomicrograph of histological sections of mouse colon. KN: Normal control (given distilled water only); K-: Negative
control (administered DEN at 100 mg/kg BW); K+: Positive control (administered DEN at 100 mg/kg BW + Doxorubicin at 10 mg/kg
BW); P: (administered DEN at 100 mg/kg BW + Ganoderma applanatum extract at 150 mg/kg BW). Black line = height of Lieberkuhn

crypt and yellow arrow = goblet cells. Magnification 100X.
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Figure 2: Number of colonic goblet cells following the administration of Ganoderma applanatum polysaccharide extract, DEN, and
doxorubicin. Different letters indicate significant differences between treatments. KN: Normal control (given distilled water only); K-:
Negative control (administered DEN at 100 mg/kg BW); K+: Positive control (administered DEN at 100 mg/kg BW + Doxorubicin at

10 mg/kg BW); P: (administered DEN at 100 mg/kg BW + Ganoderma applanatum extract at 150 mg/kg BW)

4313
© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, September 2025; 9(9): 4310 - 4320

Lieberkuhn Crypt Height (pm)
I(:;
[e=]
=

K-

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

K+ P

Treatment Groups

Figure 3: Lieberkuhn crypt height following the administration of Ganoderma applanatum polysaccharide extract, DEN, and
doxorubicin. Different letters indicate significant differences between treatments. KN: Normal control (given distilled water only); K-:
Negative control (administered DEN at 100 mg/kg BW); K+: Positive control (administered DEN at 100 mg/kg BW + Doxorubicin at

10 mg/kg BW); P: (administered DEN at 100 mg/kg BW + Ganoderma applanatum extract at 150 mg/kg BW).

The pro-apoptotic effects of natural plant extracts have been widely
studied, including on cancer cells. A study that examined four African
plant extracts on MCF-7 breast cancer cells showed that these extracts
induced apoptosis through mitochondrial membrane depolarization and
caspase activation. This mechanism is similar to the way DEN exposure
triggers apoptosis in colon cells, leading to cell death and tissue
disruption.?? These findings concur with the observed decrease in goblet
cells due to apoptosis, suggesting a cell death pathway mediated by
oxidative stress and activation of immune responses. DEN, acting as a
free radical inducer, promotes oxidative stress and apoptosis,
particularly affecting goblet cells on the colonic epithelium and stem
cells in the Lieberkuhn crypts. Since goblet cells originate from bowel
stem cells which reside at the bottom of the crypts, apoptosis-induced
damage to these stem cells disrupts goblet cell proliferation.?”?° The
administration of G. applanatum extract appears to prevent apoptosis,
thereby maintaining goblet cell numbers and supporting mucosal
protection.

On the other hand, Lieberkuhn crypt height was significantly elevated
following the administration of G. applanatum extract compared to the
negative control (K-) group. In addition, the crypt height in the G.
applanatum extract (P) group was similar to those observed in the
normal control (KN) group. These findings suggest that G. applanatum
extract treatment was able to prevent the shortening of the crypts of
Lieberkuhn. This effect is likely associated with the polysaccharide
content present in the G. applanatum extract.

Effect of G. applanatum extract on CD4+ and CD8+ cells

Figure 4 presents the percentages of CD4+ and CD8+ cells across the
experimental groups: KN (19.32% and 7.41%), K- (17.31% and
5.94%), K+ (21.84% and 8.03%), and P (21.98% and 8.34%) for CD4+
and CD8+ cells, respectively. As shown in Figure 5, the percentage of
splenic CD4+ cells was lowest in the K- group, with percentage value
of 17.31 £ 2.80%, which was not significantly different from that of the
normal control (KN) group (19.32 £3.11%), but was significantly lower
compared to the positive control (K+), and extract-treated (P) groups,
with percentage CD4+ cells of 21.84 + 1.85%, and 21.98 + 3.03%,
respectively. Figure 6 shows the percentage of splenic CD8+ cells
across the various groups. Again, the K- group showed the lowest value
(5.94 £ 0.99%), which was not significant different compared to the KN
group (7.41 £ 1.94%), but significantly lower than that of the K+ and P
groups which had percentage CD8+ values of 8.03 + 1.17%, and 8.34 £
0.86%, respectively. In other words, the administration of G.

applanatum extract resulted in a significantly higher percentage of
CD4+ and CD8+ cells compared to the negative control (K-) group.
These results suggest that intraperitoneal DEN injection may trigger a
compensatory immune response, where other components of the
immune system act to maintain immune cell production in the spleen.
As a key immune organ, the spleen plays a crucial role in mounting
immune responses, and its function can be compromised by immune
dysregulation.?®

It is likely that DEN is recognized by alternative immune mechanisms,
such as NK cells, which respond to tumor antigens by secreting
cytotoxic proteins: perforin and granzyme that activate caspases to
induce apoptosis. DEN exposure can enhance NK cell activation,
potentially surpassing that in the control group. NK cell activity is also
regulated by cytokines secreted by CD4+ cells. A possible explanation
for the lack of significant CD8+ cell activation could be insufficient IL-
2 cytokine production by CD4+ cells. Alternatively, DEN can be
directly phagocytosed by macrophages, which leads to the release of
proinflammatory cytokines, like TNF-a, IL-1, as well as IL-6. Although
studies demonstrate that DEN increases TNF-o and IL-6 levels
compared to normal conditions, this may not be sufficient to activate
Th/CD4+ cells to produce lymphokines needed for an effective
antitumor response.?*

The spleen, as the primary site for lymphocyte storage and adaptive
immune initiation, also functions in blood filtration.?® It produces
antibodies and macrophages to combat foreign antigens. Splenic
immune cells (splenocytes) are composed of various cell types such as
T cells, B cells, macrophages, natural killer (NK) cells, and dendritic
cells.?®

These data are consistent with prior studies indicating that Ganoderma
extract can increase the proportion of CD4+ and CD8+ cells, as well as
increase the overall leukocyte count in the murine splenocyte
population. CD4+ and CD8+ cell activation is also influenced by
cytokines produced through innate immune responses, particularly by
macrophages (Kupffer cells), which help regulate the signalling
pathways involved in CD4+ cell activation. Once activated, CD4+ cells
release IL-2 and IFN-y, cytokines that increase the expression of MHC
class I and Il expression and subsequently activate CD8+ cells.*

In this study, administration of G. applanatum extract also significantly
increased CD8+ cell levels. Other studies have shown that Ganoderma
extract elevates levels of IL-2 and IFN-y, which are crucial for the
activation of CD8+ cells, macrophages, and cytolytic NK cells.®
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Figure 5: Percentage of CD4+ cells following the administration of Ganoderma applanatum polysaccharide extract, DEN, and
doxorubicin. Different letters indicate significant differences between treatments. KN: Normal control (given distilled water only); K-:
Negative control (administered DEN at 100 mg/kg BW); K+: Positive control (administered DEN at 100 mg/kg BW + Doxorubicin at

10 mg/kg BW); P: (administered DEN at 100 mg/kg BW + Ganoderma applanatum extract at 150 mg/kg BW).
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Figure 6: Percentage of CD4+ cells following the administration of Ganoderma applanatum polysaccharide extract, DEN, and
doxorubicin. Different letters indicate significant differences between treatments. KN: Normal control (given distilled water only); K-:
Negative control (administered DEN at 100 mg/kg BW); K+: Positive control (administered DEN at 100 mg/kg BW + Doxorubicin at

10 mg/kg BW); P: (administered DEN at 100 mg/kg BW + Ganoderma applanatum extract at 150 mg/kg BW).
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Furthermore, CD4+ cells play an important role in antitumor immune
responses by regulating CD8+ cell proliferation and differentiation.?
Treatment with G. applanatum extract at a dose of 150 mg/kg BW,
administered after DEN induction, appeared to stimulate an enhanced
immune response against tumour antigens. The innate immune response
is first initiated by liver-resident macrophages (Kupffer cells), which
phagocytose antigens and secrete cytokines to activate systemic
immune defences.* These macrophages produce IL-1, IL-12, and TNF-
a, which are noted to enhance NK cell cytotoxic activity.3* The elevated
cytokine levels subsequently reach the spleen, where they initiate an
adaptive immune response by activating Th/CD4+ cells.*®

Enhanced antigen expression via MHC class Il molecules, along with
increased cytokine production by innate immune cells, plays a critical
pathway in stimulating the adaptive immune response, primarily by
activating Th/CD4+ cells. Once triggered, these cells differentiate into
distinct subsets depending on the cytokines produced.®**” Th1 cells
release IL-2 and IFN-y, drive the expansion of MHC class I and II
molecules, increase CD8+ T cell activity, and stimulate natural killer
(NK) cells and macrophages. On the other hand, Th2 cells unleash IL-
4, IL-5, and IL-10, which facilitate the cultivation of B cells and their
transformation into plasma cells capable of generating antibodies.®®
These antibodies bind to tumour antigens via their Fab regions, while
their Fc regions bind to Fc receptors (FCR) on numerous immune-
effector cells, including NK cells, macrophages, neutrophils, dendritic
cells, eosinophils, basophils, and mast cells.*

CD8+ cytotoxic T lymphocytes (CTLs) also contribute directly to
antitumor immunity. These Tc/CD8+ cells are capable of recognizing
tumour associated antigens as they appear on MHC class | molecules,
which provokes their activation. These cells then release perforin and
granzyme, cytotoxic proteins responsible for inducing cell death.*
Perforin facilitates the entry of granzyme into target cells by forming
pores in the tumour cell membrane. Once inside, granzyme activates

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

caspase-8, which in turn stimulates caspase-3.4* Caspase-3, an effector
caspase, activates cytoplasmic DNAse, resulting in DNA fragmentation
and execution of the apoptotic program in target (cancer) cells.*?
Additionally, activated CD8+ T cells is capable of expressing Fas
ligand (FasL/CD95L), which is ligated to the Fas receptor
(FasR/CD95R) on tumour cells, further promoting caspase activation
and apoptosis.“34

Molecular docking results

Phytochemical investigation of G. applanatum identified 34 bioactive
compounds with potential anticancer properties. From these, five
compounds with the highest drug-likeness and solubility characteristics
were selected. These include g-glucan, ganoderic acid-M, lucidenic
acid-B, lucidenic acid-C, and mannitol. These compounds
demonstrated promising potential for targeting CD4+ and CD8+ cells
(Table 2). Molecular docking of the selected ligands with CD4+ and
CD8+ receptors showed that all five compounds possess promising
immunomodulatory activity by stimulating the formation of CD4+ and
CD8+ cells. A more negative binding affinity value indicates a stronger
interaction between the ligand and receptor. Lucidenic acid B exhibited
the highest binding affinity for CD4+ simulation (-7.0 kcal/mol).
Meanwhile, g-glucan showed the highest affinity for CD8+ (-7.1
kcal/mol). Most of the compounds demonstrated dominant polar
hydrogen and van der Waals interactions rather than hydrophobic alkyl
group interactions (Figure 7), which may contribute to their high
solubility in plasma. This is further supported by molecular dynamics
analysis, where the root mean square fluctuation (RMSF) values for the
CD4-lucidenic acid B and CD8—A-glucan complexes were both <3 A,
An RMSF value below 3 A indicates that the ligand—receptor
complexes are relatively stable under physiological conditions (Figure
8).

Table 2: Molecular docking results of interaction between Ganoderma applanatum compounds and target receptors

Binding affinity

Compound Receptor Type of interaction Amino acid residue
(kcal/mol)
11e34(A), Asn32(A), Ser31(A), Asp80(A),
B-glucan CD4+ -5.9 vdw Ser79(A), Pro122(A), Asp78(A),
Leu51(A)
PHI Arg54(A), Lys75(A), Lys50(A)
Thr30(A), Gly32(A), Tyr51(A), Ser53(A),
i Asn55(A), GIn54(A), Pro29(A),
cha+ 1 vew Phe77(A), Gly74(A), Asp75(A),
Leu26(A), Leu25(A)
PHI Val24(A), Arg72(A), Ser31(A)
Asn30(A), Ser79(A), Tyr82(A), 11e36(A),
Ganoderic acid-M CD4+ -5.9 vdw Ser49(A), Asp78(A), Arg54(A),
Asn32(A)
HI Pro122(A), Leu51(A), Lys50(A)
PHI Glu77(A), Asp80(A), Ser31(A)
i Phel07(A), Phe93(A), Pro46(A),
cha+ 70 vaw TyrL03(A), lle101(A)
HI His106(A)
PHI Serl(A), Ser105(A), GIn38(A)
GIn152(A), Trp157(A), Lys136(A),
o ] Leul49(A), Asn137(A), Val146(A),
Lucidenic acid-B CD4+ 7.0 vdw Ser145(A), 11e138(A), GIn148(A),
Serl47(A)
PHI Glu150(A), Arg134(A), Ser132(A)
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-7.0 vdw Phe104(A), Leu36(A), Prods(A),
Phe48(A), Lys58(A)
PHI Ser31(A), Ser34(A), Ser95(A)
o Ser31(A), lle34(A), Leu51(A), Glu77(A),
Lucidenic acid-C CD4+ 6.7 vdw 11e36(A), Asp78(A), Ser79(A)
HI Pro122(A), Lys50(A)
PHI Asp80(A), Tyr82(A), Asn30(A)
) Lys58(A), Phe48(A), Ser31(A),
cha+ 6.9 vew Leu97(A), Ser34(A), Ser95(A), Alag6(A)
Hi Pro46(A), Met102(A), Leu3s(A),
Phel04(A)
Argl34(A), Prol133(A), Trpl57(A),
. Val146(A), 1le138(A), Asn137(A),
Mannitol Cha+ a1 vew Arg131(A), Lys136(A), Leuld9(A),
Ser132(A), GIn152(A)
PHI Asp153(A), Glul50(A)
CD8+ -4.3 vdw Lys21(A), Leu20(A), Pro7(A), Val18(A)
PHI Glul9(A), Argl0(A), Trpl2(A),

CD8+

Ala96(A), Leu97(A), Met102(A),

Glul6(A), Thri7(A)

vdw: Van der Walls interaction; HI: Hydrophobic interaction; PHI: Polar Hydrogen interaction

{IN

- THR
L1852 3}: 5 &30
%) M R
“"‘1 e Lfl - =
o A BT @ - @
.‘ﬁ&.‘;} A% L ' 5
b¥ o . (e 1 '
&g . v i N 1 v
“s‘ . ! v R 3 Al L f
[ D ¥ Ul 1 o
v alah !
( s w8 f
't b3 " LE N ;
0= L A o
‘l. 'l
LN h “a
i N RO L ’.'F?:.;
& hoht . . AT
._'_'-I_I b5e AN 0 TE
i G
N an #”:,( A0
W, e
R
PN
Gl
At
Interactions
D van der Waals D Alkyl Interactions

Conventional Hydrogen Bond

I:J van der Waals

- Conventional Hydrogen Bond

Figure 7: 2D visualization of ligand-protein complex. (A) Lucidenic acid and CD4+ cells; (B) p-glucan and CD8+ cells
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Figure 8: (A) Root mean square fluctuation of lucidenic acid-CD4+ cells complex, (B) Root mean square fluctuation of g-glucan-CD8+
cells complex.

Conclusion

The administration of Ganoderma applanatum extract (GAE) to mice
induced with diethylnitrosamine (DEN) significantly improved colon
histology by enhancing the amount of goblet cells and the height of
Lieberkuhn's crypt. In particular, a significant enhancement in splenic
CD4+ and CD8+ cell percentages was observed. Molecular docking
analysis revealed that s-glucan exhibited the highest binding affinity for
CDB8+ cells, while lucidenic B had the strongest affinity for CD4+ cells.
Furthermore, molecular dynamics simulations showed that the RMSFs
of p-glucan-CD8+ and lucidenic acid-CD4+ complexes remained
below 3 A, indicating stable ligand-receptor interactions in the plasma.
These findings suggest that G. applanatum has promising potential as
an anti-colon cancer agent and immunomodulator. Future investigations
will focus on clarifying the appropriate molecular mechanism,
optimizing its therapeutic dose, and conducting preclinical and clinical
studies to validate its safety and efficacy for potential medical
applications.
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